Introduction
Asymptomatic disease is common among adults in the United States, as there are an estimated 71 million with hyperlipidaemia, 67 million with hypertension, 29 million with diabetes, and 86 million with pre-diabetes (Centers for Disease Control and Prevention [CDC], 2015b [CDC], , 2015c [CDC], , 2015d . Screening for these diseases is part of routine health care because early detection and treatment of these diseases reduces morbidity and mortality later in life. For example, early detection and treatment of hypertension reduces future risk of stroke. There are a wide variety of considerations taken into account with the initiation of screening programmes for asymptomatic diseases, including economic costs of screening, treatment options, and benefits of early treatment (Harris et al., 2001) .
While early treatment of these diseases can reduce the risk of negative health outcomes later in life, being labelled with a disease and undergoing medical interventions can introduce the risk of adverse physical, mood, and cognitive effects. Medication side effects are common for many of the leading treatments for asymptomatic illness (Armitage, 2007; Bailey & Turner, 1996; Kaplan, 1992) . For individuals who experience adverse effects from medication, treatment of an asymptomatic illness could, ironically, result in lower health-related quality of life (HRQoL) compared to individuals who do not receive treatment until a substantial sequela (e.g., stroke or vision loss) occurs. Empirical evidence from research on the psychology of illness supports the notion that awareness of a diagnosis may reduce general health perceptions by change in illness identity (Hagger & Orbell, 2003) or perception of symptoms (Petersen, van den Berg, Janssens, & Van den Bergh, 2011) . In a classic health psychology experiment conducted by Baumann, Cameron, Zimmerman, and Leventhal (1989) , participants were randomly assigned to receive bogus diagnostic feedback that their blood pressure was high. These participants were more likely to report experiencing physical symptoms associated with high blood pressure than the group who received diagnostic feedback that their blood pressure was normal. Additionally, being labelled with an illness has potential cognitive consequences, such as increased worry or rumination (Hagger & Orbell, 2003) , and introduces the societal judgement of illness stigma (Martinez & Hinshaw, 2016; Quinn & Earnshaw, 2011) . Among individuals living with chronic illness, anticipated illness stigma is associated with lower in quality of life via increases in stress (Earnshaw, Quinn, & Park, 2012) . Experimental research has demonstrated physiological changes in stigma activation. Among a sample of 122 veterans living with hypertension, using a subtle manipulation to activate their hypertensive label associated with acute increases in anxiety and acute increases in blood pressure among older individuals who were invested in living independently (Auman, Bosworth, & Hess, 2005) .
There has been sparse evaluation of the association between diagnosis of asymptomatic diseases and HRQoL in population studies. Previous studies comparing individuals who do and do not know their diagnosis have included patients receiving treatment in the group aware of their diagnosis, which impedes the ability to isolate the effects of diagnosis from the effects of treatment (Edelman, Olsen, Dudley, Harris, & Oddone, 2002; Erickson, Williams, & Gruppen, 2001; Jørgensen, Langhammer, Krokstad, & Forsmo, 2014; Lawrence, Fryback, Martin, Klein, & Klein, 1996) . The most commonly used large data set for such analyses has been the National Health and Nutrition Examination Survey (NHANES), which combines diagnostic and survey information. Previous NHANES studies focused on a single condition (i.e., hypertension) have found that the diagnosis of hypertension was associated with lower self-rated health than the treatment of hypertension (Barger & Muldoon, 2006; Hayes, Denny, Keenan, Croft, & Greenlund, 2008) . In this report, we expand upon prior work to examine three asymptomatic diseases, which were detected during the physical and laboratory examination of the 2011-2012 NHANES: hypertension, as in previous reports, as well as the first examination of glucose intolerance and hyperlipidaemia. Using a combination of objective information and participants' self-reports, we categorized individuals into four groups: those living with (1) no disease; (2) undiagnosed asymptomatic disease; (3) diagnosed, untreated asymptomatic disease; and (4) diagnosed, treated asymptomatic disease. We included all four groups to allow for detailed comparisons, but specifically hypothesized that individuals in group 3 would report lower HRQoL than individuals in group 2. That is, we predict that individuals who are aware of their asymptotic disease (and are not receiving treatment) would report lower HRQoL than individuals who are living with asymptomatic disease, and are unaware of it.
Method
Participant data set We used publicly available data from the -2012 NHANES (CDC, 2015a . NHANES samples civilian, non-institutionalized residents of the United States. It is a continuous annual survey with a complex, stratified, multistage probability sample design. All persons are interviewed in their home and asked to have a health examination at a mobile examination centre. We used all respondents aged 18 and older in the 2011-2012 NHANES with examination data as this was the last year that the Healthy Days outcomes were collected. The unweighted response rate in 2011-2012 was 67.3% for the adult interviewed sample and 64.5% for the adult examined sample.
Measures

Asymptomatic disease classifications
Three diseases captured by NHANES fulfilled the following criteria: (1) The disease is generally asymptomatic, (2) the disease can be diagnosed using physiological measurements from NHANES, (3) participants are directly asked whether they have been diagnosed with the disease, and (4) participants are directly asked whether they are currently being treated for the disease with medications. The three diseases that met these criteria were hyperlipidaemia, diagnosed by low-density lipoprotein higher than 190 mg/dL in a fasting venipuncture sample (Report of the National Cholesterol Education Program, 2001); glucose intolerance/diabetes mellitus (hereafter referred to as 'glucose intolerance'), diagnosed by haemoglobin A1C greater than 5.6 mmol/L from any venipuncture sample (American Diabetes Association, 2010); and hypertension, diagnosed by average of three blood pressure measurements with average systolic blood pressure greater than 140 mmHg or average diastolic blood pressure greater than 90 mmHg (Chobanian et al., 2003) . We excluded individuals from the glucose intolerance group with a haemoglobin A1C greater than 10, given that these levels of glucose can result in physical symptoms.
Diagnostic groups
Using the asymptomatic disease classifications, we created the following four groups of respondents for each disease: (1) No Disease referred to those who reported not being diagnosed with the disease and did not meet criteria for diagnosis, (2) Unknown Disease referred to those who reported not being diagnosed with the condition and met the criteria for diagnosis, (3) Known Disease without Treatment indicated those who reported being diagnosed with the disease but not prescribed medications for it, and (4) Known Disease with Treatment was assigned to those who reported being diagnosed with the condition and prescribed medications for it.
Health-related quality of life outcomes HRQoL is a complex, multi-dimensional concept (Wilson & Cleary, 1995) , which has been quantified in several ways. For this analysis, we use the standard measures of HRQoL as measured by the Center for Disease Control for population health measurement; self-rated health; and the Healthy Days measures (https://www.cdc.gov/hrqol/methods.htm). Selfrated health is one of the most basic and fundamental HRQoL measures. It is a well-studied outcome and is predictive of a wide range of other outcomes, including mortality and medical expenditures (DeSalvo, Bloser, Reynolds, He, & Muntner, 2006; DeSalvo et al., 2009) . The Healthy Days questions ask how many days in the last 30 days physical health was not good, mental health was not good, and poor health kept someone from their usual activities.
Self-rated health
The primary outcome of interest was response to the statement, 'In general, my health is: excellent, very good, good, fair, poor'.
Healthy days
Participants responded to three items regarding their functioning over the previous 30 days: (1) the number of days physical health was not good in the last 30 days, (2) the number of days mental health was not good in the last 30 days, and (3) the number of inactive days due to physical or mental health.
Demographic and health history variables
Adjusted models included other personal factors that could influence HRQoL: age in years; sex; smoking status (yes/no); insurance status (yes/no); income (0-$19,999, $20,000-$44,999, $45,000-$99,999 , and $100,000 or more); education (less than high school, high school graduated/GED or equivalent, some college or associates degree, and college graduate or above); race/ethnicity (non-Hispanic White, Mexican American, other Hispanic, non-Hispanic Black, non-Hispanic Asian, Other); and body mass index (BMI). Additionally, other chronic health conditions were included as an additional control variable. Chronic health conditions were operationalized as a sum of the self-reported presence of the following health conditions: angina, arthritis, asthma, cancer, chronic bronchitis, emphysema, heart attack, heart disease, heart failure, liver condition, psoriasis, stroke, and thyroid problem. The number of comorbid chronic conditions was analysed as 0, 1, 2, 3, or more.
Analyses Self-rated health was analysed using ordinal logistic regression models. The three health conditions were analysed separately using diagnostic group while adjusted for demographic and other chronic health conditions. Self-rated health was coded such that the results are the odds of reporting worse self-rated health; odds above 1.0 represents worse self-rated health. Healthy Days measures were analysed using multivariate regression. The three health conditions were analysed separately using diagnostic group while adjusted for demographic and medical variables. In these models, parameter estimates represent number of unhealthy days; positive numbers represent worse health. All regression analyses included the weights, strata, and clusters provided in NHANES so that results are representative of the United States. Analyses were performed with SAS 9.4 (PROC FREQ, PROC SURVEYLOGISTIC, and PROC SURVEYREG).
The funding organizations had no role in the design and conduct of the study; in the collection, analysis, and interpretation of the data; or in the preparation, review, or approval of the manuscript. These analyses did not require IRB approval as they are a secondary analysis of publicly available, deidentified data.
Results
The number of respondents analysed for each disease was 6,104 for glucose intolerance, 2,773 for hyperlipidaemia, and 5,524 for hypertension (Table 1) . Ninety-eight per cent of respondents with hyperlipidaemia had been diagnosed by a health care provider, 85% of respondents with hypertension, and only 40% of respondents with glucose intolerance, consistent with prior reports (Bowen, Xuan, & Halm, 2014) . Demographic information by disease and diagnosis category is in the Appendix. Respondents without the diseases tended to be younger, be non-smokers, have lower BMI, and be less comorbidity than respondents with the diseases.
Self-rated health
Unadjusted response frequencies for all four diagnostic groups (No Disease, Unknown Disease, Known Disease without Treatment, and Known Disease with Treatment) for each condition (glucose intolerance, hyperlipidaemia, and hypertension) for the primary outcome are presented in Figure 1 . For all three conditions, the proportion of respondents who reported 'excellent' or 'very good' health decreased across the four diagnostic groups from No Disease, to Unknown Disease, to Known Disease without Treatment, and to Known Disease with Treatment. The proportion of those in 'good' health was similar across the diagnostic groups. The proportion of those in 'fair' or 'poor' health increased from No Disease, to Unknown Disease, to Known Disease without Treatment, and to Known Disease with Treatment groups.
Adjusted odds ratios for reporting worse self-rated health in each health condition are presented in Table 2 . Compared to the Unknown Disease reference group, there were no statistically significant differences in self-rated health by diagnostic category. There were several other factors that were statistically significant predictors of self-rated health, which are available in the Appendix. The odds of reporting worse self-rated health increased with female sex, lower income, lower education, any race/ethnicity that was not non-Hispanic White, and being a smoker, and increasing number of comorbidities.
Healthy days
Unadjusted Healthy Days question responses for each condition and diagnostic group are reported in Table 3 . In general, the Unknown Disease group reported the fewest number of poor health or inactive days. The Known Disease without Treatment and Known Table 4 with full model results in the Appendix. Compared to the Unknown Disease reference group, those without disease did not have statistically significantly different numbers of healthy days except that those without glucose intolerance reported 0.79 less physically unhealthy days (p = 0.010) than those with Unknown glucose intolerance. In contrast, four of the nine comparisons (three diseases with three Healthy Days questions each) of Known Disease without Treatment to the Unknown Disease reference had statistically significantly larger numbers of unhealthy days (range 1.4-2.5 more unhealthy days). Three of these are in hypertension and one is in glucose intolerance (inactive days). These statistically significant differences remained for the same questions and diseases except mental health days in hypertension when comparing Known Disease with Treatment to Unknown disease with a smaller magnitude (range 0.9-1.1 more unhealthy days).
In addition to diagnostic group, more days in poor health and more inactive days were generally associated with female sex, younger age, lower income, increasing numbers of comorbid conditions, and being a smoker.
Discussion
We analysed a nationally representative sample of the US adult population and found that diagnosis of glucose intolerance or hypertension, even without potential treatment side effects, negatively associated with healthy days when compared to individuals who have 2.7 AE 6.4 2.9 AE 7.4 6.0 AE 9.9 5.9 AE 9.9
Number of days mental health was not good 3.8 AE 7.7 2.6 AE 6.4 5.3 AE 8.7 4.2 AE 8.2
Number of inactive days due to physical or mental health 1.4 AE 4.9 1.2 AE 4.9 3.5 AE 8.0 3.2 AE 7.9
Hyperlipidaemia Number of days physical health was not good 3.0 AE 6.8 0.9 AE 2.3 4.6 AE 8.6 6.1 AE 10.1
Number of days mental health was not good 3.8 AE 7.6 3.5 AE 8.4 5.4 AE 9.5 4.1 AE 8.2
Number of inactive days due to physical or mental health 1.6 AE 5.2 1.0 AE 2.9 2.4 AE 6.7 3.2 AE 7.9
Glucose intolerance Number of days physical health was not good 2.4 AE 6.0 4.1 AE 8.3 5.7 AE 9.3 6.6 AE 10.5
Number of days mental health was not good 3.7 AE 7.4 3.6 AE 7.4 5.4 AE 9.3 4.7 AE 8.9
Number of inactive days due to physical or mental health 1.4 AE 4.6 1.7 AE 5.5 3.8 AE 8.4 3.7 AE 8.6 Estimate ( these diseases but do not know about them. The diagnosis of these diseases was associated with more days that physical health and mental health were not good (hypertension) and more days of inactivity due to poor physical or mental health (hypertension and glucose intolerance). These findings support the idea that the diagnosis of asymptomatic disease affects general health perceptions and HRQoL. While the direction of the effects was the same in the hyperlipidaemia cohort, their differences were not statistically significant. This may be due to the smaller sample size of the undiagnosed hyperlipidaemia group compared to the other two diagnostic groups. We selected diseases believed to be asymptomatic in the early stages to test our hypothesis that the undiagnosed group would have the same HRQoL as those without the health condition and that the diagnosis itself would negatively impact HRQoL. Consistent with our assumptions, most models did not show any difference between the No Disease and the Unknown Disease groups. The exception was for glucose intolerance, in which those who were in the No Disease group had fewer days when physical health was not good (À0.79; p = 0.010) when compared to those without the condition. This may be because those with glucose intolerance may have some symptoms (e.g., polydipsia, fatigue), or that we did not have access to covariates to adequately adjust for diabetes risk factors, which are also associated with lower HRQoL (e.g., physical activity).
Taken together, these findings suggest that there is an effect of diagnosing an asymptomatic disease, which influences an individual's general health perceptions and reported HRQoL. This effect of labelling a disease in an individual could have several mechanisms, which include changes in an individual's identity (e.g., illness identity) and the way an individual interprets symptoms. While the majority of research on illness representations and identity of illness focuses on how individuals evaluate their HRQoL and how they label particular symptoms (Hagger & Orbell, 2003; Leventhal, Leventhal, & Contrada, 1998) , the current findings encourage further research to explore how an individual's illness identity and symptom experience are impacted by receiving a diagnosis. Investigating a causal pathway and potential mediators (e.g., general health perceptions, cognitive, or affective experiences of symptoms) after receiving an asymptomatic diagnosis could reveal a potential mediator connecting diagnoses to overall HRQoL.
Further characterization of the pathways from diagnosis to change in HRQoL may provide insights, which could be used to support patients diagnosed with these diseases. There are many possible mediators of this pathway, such as emotive and cognitive mediators (e.g., anger, fear, worry, anxiety); attentional focus to symptomology, which is confirmed by symptom-seeking biases; or identifying as a member of an ill or stigmatized community. The unforeseen consequences of changing general health perceptions could include changes in medication adherence, interactions with medical community, reductions in self-efficacy for health-promoting behaviours (e.g., I can't exercise because I am hypertensive), or increased engagement in negative coping patterns (e.g., stress eating, substance use). Characterizing and intervening on these pathways would allow patients to maximize their current HRQoL and may improve a variety of long-term outcomes.
Several limitations of this study merit comment. First, the data are cross-sectional, and there are a variety of potential confounders, which were not available in the data set (e.g., treatment side effects). Second, the diseases explored in this study do have long-term sequela, which may be present in the Unknown Disease groups. If present, this would dampen the difference of the effect of diagnosis between the Unknown Disease and Known Disease (with or without treatment) groups and bias towards not finding a difference. Lastly, the Unknown Disease group may not be diagnosed because they do not receive regular health care, which itself may be an indicator of personal, social, or structural mediators of HRQoL and health.
Screening and diagnosing asymptomatic disease have myriad benefits including avoiding and delaying sequela, such as stroke, vision loss, heart attack, kidney failure, and neuropathy. While we have found evidence that HRQoL is diminished by the diagnosis and subsequent treatment of asymptomatic diseases, we are not advocating to change screening guidelines as there is substantial benefit to early detection and treatment (Sullivan, Lawrence, & Ghushchyan, 2005) . While self-rated health is related to mortality (DeSalvo et al., 2006) , this relationship is not known to be causal, and it would be inappropriate to assume that diagnosis of asymptomatic disease increases mortality.
Our study's findings are strengthened by exploring multiple health conditions, separating the effects of diagnosis from the effects of treatment, and controlling for a wide variety of factors influencing HRQoL. This research is the first to examine whether the diagnosis of three different asymptomatic diseases is associated with decrement in HRQoL in a nationally representative sample from the United States. Our findings suggest that diagnosing an asymptomatic condition negatively impacts an individual's HRQoL. Clinicians should be cognizant of the potential for decreases in HRQoL in those diagnosed with a health condition, even when no treatment is required. Future work should elicit the mediators of this relationship to guide interventions for patients and clinicians.
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